In the last couple of decades, production processes have been characterized by their fragmentation, which crosses the borders of countries more and more. This coincides with the common viewpoint that products and services are now made in global value chains and that 'trade in value added' might be a better approach for the measurement for international trade. The same applies at the regional level, and perhaps even to a larger extent. The present paper analyzes the role of Brazilian states in the global value chain. Since fragmentation of production processes leads to an interdependent structure which has to be accounted for, the input-output methodology seems especially suitable. Therefore, in its empirical application, the paper combines a world input-output table covering 40 countries (and the rest of the world as a 41 st country) with an inter-regional input-output table covering each of the Brazilian states, for the year 2008. Our results show that the average country trades approximately twice as much in value added (as a share of country's value added) than Brazil: the participation of Brazil in the global value chain is somewhat limited. We notice, however, important differences among states, both in terms of trade volume and of relevant industries that account for the generation of value added. The paper also further analyzes the Brazilian value chain and the trade relations of Brazilian states with China and USA, exploring the regional heterogeneities involving such relations. 
Introduction
In the recent past, production processes have increasingly become sliced up into ever smaller parts (or fragmented). Many of these parts are outsourced to specialized subcontractors that are more and more located in foreign countries (i.e. offshoring). This has led to an upsurge of trade in intermediate products, which corresponds to Baldwin's (2006) "second wave of global unbundling" where the location of the production of intermediate inputs differs from the location of the production of the final products.
1 Theories to explain the relocation of the production of intermediate inputs to other countries have been developed e.g. by Grossman and Rossi-Hansberg (2008) and Costinot et al. (2013) .
Today's products and services are no longer produced within a single country. Instead, they are made in global supply chains, or global value chains. That is, countries import intermediate goods and raw materials, to which they add one or more layers of value after which they sell the product (often to a foreign producer who adds the next layer). Standard trade figures that measure the value of imports and exports do not reflect any more what is really happening. This has also attracted the attention of policy makers. For example, according to EU Commissioner for Trade Karel De Gucht: 2 "The country that exports the final product is artificially credited with having created all of its value, even if in reality it only assembled ready-made parts. … This is a bit like the final runner in a relay team getting a gold medal while his teammates get silver and bronze. It doesn't take account of the fact that the final result is the product of a joint effort." Recently, Pascal Lamy (Director-General of the WTO) launched jointly with the OECD, the "made in the world" initiative and proposed "trade in value added" as a better approach for the measurement for international trade (see OECD-WTO, 2012) .
The same applies at the regional level, and perhaps even to a larger extent. Due to locational advantages (e.g. the presence of a seaport and/or an airport), one region is typically responsible for most of the imports and exports of a country. Even if the production of some export goods takes place entirely within the country, it is likely that other regions than the exporting region also have contributed to the value of the exports. For example by supplying intermediate inputs and raw materials that go into the final product that is sold abroad. Next to international fragmentation, also interregional fragmentation plays a role when focusing on regions.
The present paper analyzes the role of Brazilian regions in the global value chain. We will do this by answering the question: How much value added generated in, for example, the state of Pernambuco is embodied in the "consumption" bundle of, for example, Canada? This gives us the export of value added from Pernambuco to Canada. It should be stressed that the "consumption" bundle includes household consumption, government expenditures, gross fixed capital formation, and changes in inventories. It should also be stressed that the Canadian consumption bundle includes imported goods from other countries, such as the US. Indirectly, these goods may include value added from Pernambuco. So, in principle, it may be the case that Pernambuco does not export to Canada but that some of its value added is still embodied in Canadian consumption (for example through US exports that are produced using imports from Pernambuco). In the same fashion, we will also calculate the import of Canadian value added by Pernambuco.
Whereas the methodology to calculate the trade in value added is well-known (see references), the availability of data used to be a problem. 3 In recent years, however, several groups of researchers have developed so-called world input-output tables (WIOTs). These are interregional Isard-type input-output tables with countries instead of regions. The now available WIOTs typically include a large number of individual countries and a "country" that reflects the rest of the world. 4 The present paper combines the WIOT from the WIOD project, which includes Brazil as one of its countries, with an inter-regional input-output table (IRIOT) for Brazil. 
Methodology
In our analysis, we will combine a world input-output table (WIOT) with an interregional input-output table (IRIOT). For the empirical application, we will use the WIOT for 2008 that was constructed in the WIOD project (see . It is a full inter-country input-output (IO) In this section, we will outline the methodology using a much smaller case as an example. Without loss of generality we will employ a WIOT for a world that consists of three countries (R, S, T). For country T we have an IRIOT, distinguishing between two regions (east E and west W). The WIOT is given in Figure 1 and the IRIOT in Figure 2 . 
For example, is an n×n matrix and its typical element indicates the delivery of intermediate inputs from industry i in country R to industry j in country S.
6 Note that i, j = 1, …, n where n is the number of industries. In case R ≠ S, the matrix indicates the exports of country R to industries in country S.
is an n-element vector and its typical element indicates the final use (also termed final demand) in country S of goods and services produced by industry i in country R. Final use covers household and government consumption, consumption of non-profit organizations, gross fixed capital formation, and changes in inventories. Again, if R ≠ S, indicates the exports of country R to final users in country S. is an n-element vector with its typical element indicating the gross output of industry i in country R. Finally, is an n-element vector and its typical element gives the value added in industry i of country R. 
The interpretation of the matrices Z and the vectors c, x and v is similar to the interpretation in the case of the WIOT in Figure 1 . For example,
gives the flows of goods and services from industry i in region E to industry j in region W, indicates the delivery by industry i in region E to final users in region W, and and give the gross output and value added in industry i in region E. In addition, is an n-element export vector and its typical element gives the total exports by industry i in region E to country R. Note that no information is available for the distribution of the exports over destinations (i.e. industries and final users in country R). The Brazilian IRIOT provides information for the total imports by each industry, i.e. without making a distinction between the countries of origin. For region E for example, is the n-element import vector and its typical element indicates the total imports by industry i in region E. Finally, the scalar gives the total imports purchased by final users in region E. Again, it is not known how much each country of origin delivers to final users in E, just the total of these deliveries is known. It should be stressed that other import information is available (and will be used and discussed later) that is not indicated in Figure 2 .
When combining the information from the WIOT and the IRIOT, we might start by constructing an enlarged input-output table. The information for country T in the WIOT is then to be replaced by the information for regions E and W from the IRIOT. One of the problems, however, is that the information for country T in the WIOT is not entirely consistent with the summation of the information for regions E and W. Instead, we will therefore carry out the analysis by using the WIOT for calculations at the country level and using the IRIOT for calculations at the regional level, and iterating back and forth.
The question that we will start with is: What are the output levels (in countries R and S, and regions E and W) necessary to satisfy an arbitrary final demand vector? We split this question and consider the outputs necessary for arbitrary final demand vectors and first. We use the round-by-round approach that is common in IO analysis. In the first round, the final demands need to be produced themselves. That is, in country R and in country S. In the second round we need to calculate how much inputs are required (i.e. the direct inputs). Let the input matrices be defined as usual. That is, for example, ( ̂ ) with its typical element indicating the input from industry i in country R that goes to (and is measured per unit of output of) industry j in country S. The direct inputs amount to in country R and to in country S. From the WIOT, it follows that the direct inputs required from country T amount to . Note that these are exports of country T to country R ( ) and to country S ( ). For our analysis we would need to know the exports of region E to country R (i.e. ) and from region W to country R (i.e.
), but the input matrices and are unknown. The IRIOT, however, provides information on the average product mix of the regional exports to R and to S. By deriving export shares, we estimate how much of the exports to R, for example, originates from region E and how much from W. Let the vector denote the vector of export shares. Its elements are defined as follows.
( ) which indicates the share of the exports of product i to country R that stems from region E. The shares from region W are defined similarly and the shares add to one (i.e. ). We assume that the export shares apply irrespective of the industry of destination in country R. Our estimate (indicated by a tilde) for the input coefficients then yields ̃ . The direct inputs from region E (which are exported to country R) then become ̃ ̂ , and those from region W are given by ̃ ̂ . In the same fashion, the exports of country T to country S ( ) in this first round must be split into the exports from region E and those from region W, which are estimated using the export shares for exports to S. That is, using ( ) and ( ), the exports from region E and from region W are estimated as ̃ ̂ and ̃ ̂ . The direct inputs necessary for the final demand vectors and are given by
The second question is similar to the first one, namely what are the output levels (in countries R and S, and regions E and W) necessary to satisfy arbitrary final demand vectors and . In the first round these final demands are produced themselves. For the direct inputs, the input matrices are obtained from the IRIOT. For example, we have ( ̂ ) with its typical element indicating the input from industry i in region E that goes to (and is measured per unit of output of) industry j in region W. The direct regional inputs amount to in region E and to in region W. To calculate the direct (imported) inputs from country R, we would need to have the input coefficients and . Because they are not available, they need to be estimated from the information given in Figures 1 and 2 . From the WIOT, we know the value of . By definition, this should be equal to ( ) ( ). Since information for and is lacking, we first estimate their sum by
Next we will use the average import shares that are obtained from information that is not listed in the Brazilian IRIOT. That is, for region E it is known for each product i (i.e. the typical product or service produced by industries i) how much is imported from country R and how much from country S). The same applies to the imports by region W. Note that no information is available with respect to the distribution over the (intermediate and final) users in the importing region. Let the vector denote the vector of import shares, the elements of which are defined as follows ( ) A similar definition holds for and we have that . The shares for the imports from country S are defined similarly and add to one again (i.e.
). We assume that these average import shares apply to each industry j of destination. That is,
Finally, let the vector denote the vector of output shares in region E with its elements defined as
and a similar definition for the output shares of region W. This yields for the estimated input coefficients
In matrix notation we have ̃ ̂ ( ̂ ) for region E and, similarly, for region W we have ̃ ̂ ( ̂ ) . The direct inputs in country R necessary to satisfy the final demand vectors and are then given by ̃ + ̃ . Those in country S are given by ̃ + ̃ . Together with the regional direct inputs, this yields
Finally, combining equations (1) and (2) gives us the direct inputs (in countries R and S, and regions E and W) that are necessary for an arbitrary final demand vector. They are given by
Let us write these direct inputs in condensed form as . The production of the direct inputs requires further inputs to the amount of , and so forth. Together with the initial outputs ( ), this yields ( ) ( ) , where L denotes the Leontief inverse which can be partitioned in the same way as A.
In our application, we are not so much interested in the output levels (necessary for an arbitrary final demand vector) but in the value added. Define the value added coefficients for country R as , indicating the value added per unit of output. In matrix notation this becomes ( ) ( ) ( ̂ ) . The total values added created in country R, in country S, in region E, and in region W, necessary for the final demand vector y are given by the four elements of the vector
The central question in our application is how much value added that is generated in region E (or W) is contained in the final use of, for example, country R? This is the export of value added from region E (or W) to country R. We apply equation (4) and now take the final demand vector of country R instead of an arbitrary final demand vector. Final users in country R demand of domestically produced goods and services, import from country S, and from country T. Like we did with the input matrices, we use the export shares of regions E and W to split . That is, ̂ gives the exports from region E to final users in country R and ̂ gives the exports from region W. This yields
The third element of this vector gives the value added of region E that is embodied in the final use of country R and the fourth element gives the final demand of region W.
In the same fashion are we also interested in the value added generated in country R that is imported by region E. That is, in answering the question how much of country R's value added is embodied in the final use of region E. The final demand for goods and services produced in the own region are given by , for imports from region W by . The imports by region E's final users of products from country R are unknown. Like we did with the input matrices for the imports, the imports for final use in region E are estimated using import shares which yields ̂ . The same procedure is followed for the imports by final users from country S. This yields
The first element of this vector gives the value added generated in country R that is embodied in the final use in region E and the second element gives the import of value added of country S by final users in region E.
Results
In this section, we present some results from the empirical application. 7 Focusing its central question, we intend to analyze the Brazilian states' trade in value added, among them and the rest of the world. In order to contextualize them, these results are compared to those obtained for the countries in the WIOT. Finally, the Brazilian states' trade in value added with China and USA -the top trade partners of Brazil in 2008 -is analyzed, better illustrating the detailed results that our approach can provide.
Brazilian states' trade in value added
The results for international trade in value added of the Brazilian states -aggregated by all source / destination industries and countries, so that we can focus attention on the states -are presented in Table 1 .
The first data column shows the total value added generated in the state that is embodied in the final use of other countries. The following column indicates the ratio between the exports in value added and the total value added generated in the state. The third column shows the total value added generated in other countries that is embodied in the final use of the state. The following column indicates the ratio between the imports in value added and the total value added generated in the state. The fifth column shows the surplus (exports less imports) of trade in value added of the state. The last column indicates the ratio between the surplus in value added and the total value added generated in the state.
Mato Grosso, for example, exported US$ 5471 million of value added in 2008 -that is, US$ 5471 million in value added generated in this state was embodied in the final use of other countries. On the other hand, imports of value added of Mato Grosso corresponded to US$ 1568 million -in other words, final use of Mato Grosso embodied US$ 1568 million in value added generated in other countries. So, in 2008, Mato Grosso presented a positive surplus of international trade in value added of US$ 3903 million, amounting in 15.5% of total value added generated in the state in that year.
Regarding the surplus of international trade in value added, we can observe that, in 2008, Amazonas presented the largest shortage, as its imports of value added greatly surpassed its exports. In contrast, Minas Gerais presented the largest positive surplus among all the Brazilian states, but it corresponded to only 4.1% of the total value added generated in the state in 2008. Relatively to that ratio, Pará stands out: its surplus of international trade amounted in 17.2% of total value added generated in the state in 2008. Also Mato Grosso stands out presenting net exports with a surplus larger than 10% of the states' value added (15.5% in fact). Table 1 , turns out that the exports of value added (US$ 171056 million) were very close to the imports of value added (US$ 170859 million), resulting in a positive but small surplus of international trade in value added.
The bottom two rows of Table 1 disclose an important point regarding the Brazilian states' trade in value added. Both the exports and imports ratios to value added present higher weighted average across the Brazilian states (where the weights are the total value added generated in each state) than simple average. This fact indicates that states with higher value added export a larger share of their value added. In the same fashion, states with higher value added import products and services that amounts in a larger share of their value added.
Concerning the Brazilian macroregions, Table 1 shows that trade in value added is highly concentrated in the states of Southeast and South. In 2008, these states responded for 78% of exported value added and for 73% of imported value added in Brazil. São Paulo alone accounted for 34% of both exported and imported value added in the country.
How do the results for Brazil and its states relate to other countries? In order to contextualize them, we present Table 2 , we can observe that the average country is much more involved in the global value chain than Brazil is. The second to last row indicates that the average country presents approximately twice as much trade in value added, as % of country's value added. Still paying attention to the bottom rows of Table 2 , it is interesting that both the exports and imports ratios to value added present higher simple average across the countries than weighted average -the opposite to what was observed for the Brazilian states. In other words, we can point out that in average, countries with little value added (i.e. small countries) export a larger share of their value added than countries with higher value added (i.e. large countries). The same conclusion holds for the imports. The most illustrative country to this point is, in Table 2 , the Netherlands. Among others, we can point out as distinguished small, open countries in the WIOT, omitted in the Table: Luxembourg (which exports of value added amounted in 61.4% of total value added of the country) and Bulgaria (which imports of value added amount in 57.5% of its total value added).
Observing the results for each country, we can point out that the surplus of trade in value added close to zero presented by Brazil is a special case among the countries in the WIOT. Besides Brazil, only UK, Korea, Mexico, and Slovakia (omitted in Table 2 ) presented, in 2008, a ratio between surplus of trade in value added and total value added in the interval [-0.01, 0.01] . Perhaps the country with the greatest resemblance to Brazil concerning trade in value added is Mexico, which also showed a positive and small surplus of trade in value added. However, both Mexican exports and imports of value added are higher than those of Brazil and its total value added is smaller, what emphasizes the little engagement of Brazil in the global value chain.
China stands out in Table 2 , presenting the highest positive surplus of trade in value added among all the countries in the WIOT. In 2008, that Chinese surplus amounted in 14.3% of the total value added in the country. On the other hand, there is the case of USA -in 2008, according to Table 2 , the country's large shortage corresponded to 4.1% of its total value added. The relationship of the Brazilian states with these two countries will be further investigated below. For example, according to Table 3 , in 2008, 54% of Paraná's value added was generated for its own final use (domestic share), 32% for rest of Brazil's final use (regional exports' share), and -found by difference -13% for other countries' final use. Moreover, Paraná's final use led to purchases in value added from other Brazilian states amounted in 27% of its own total value added (regional imports' share). As a result, Paraná's regional trade presented a positive surplus corresponding to 6% of its value added
Regarding the domestic share of the responsibility for value added generated in the Brazilian states, a first note is that in general it is somewhat smaller than for countries in the WIOT (81.3% in average). That share is notably small in Amazonas: only 41% of its value added was due to its own final use. In the other hand, Distrito Federal's final use was greatly responsible for its own value added (88%). The note that the domestic shares presented in Table 3 are smaller than those for countries is fairly expected, since states might trade with each other inside a country. We can point out that this is the case for Brazilian states: the average regional exports' share was 24.7%, in 2008. Amazonas is especially outstanding, as approximately half of its value added was due to the final use of other states in the country. Besides, the average regional imports' share was 35.1% -reaching the level of 60% in Piauí. Therefore, it is possible to answer the question motivating Table 3 : yes, Brazilian states do trade, and mainly with each other.
The two final columns in Table 3 present the surplus of each state from regional and international trade in value added. From them, it is remarkable that 16 out of 27 states had 'two shortages' in 2008, and Mato Grosso was the only state with 'two surpluses'.
Concerning the regional trade in value added, since by definition there is balance in the national level, we observe that the surplus of 16% for São Paulo 'does the job'. The total of regional surpluses in 2008 was US$ 86667 million, of which São Paulo was responsible for 85.8%. This fact indicates that there were net imports by other states from São Paulo, what can be observed in Table 4 , which is analogous to Table 1 but considers Brazilian states' direct and indirect trade in value added with São Paulo. From Table 4 , in 2008 only Amazonas was not a net importer of value added from São Paulo. However, even for Amazonas, São Paulo was the main source (other than the own state) of value added. The relevance of São Paulo for trade in Brazil is reinforced by the fact that it was also the main importer of value added for 25 out of 27 states -the exceptions are Pará and Distrito Federal, which largest share of exports of value added went to USA and Minas Gerais, respectively.
By calculating the ratio between the value added embodied in final use of a state and the value added generated in a state, we obtain what can be called a 'value added footprint'. The results are presented in Table 5 . According to Table 5 , only Mato Grosso, São Paulo, and Paraná had value added footprints lower than 1 in 2008, i.e., they generated greater amounts of value added than those required by their final use (from them, other states and countries, directly and indirectly). This indicates that those states have important roles in the Brazilian trade as net suppliers of value added. Concerning the Brazilian states' trade with China, Table 6 shows that only 8 out of 27 states had a positive surplus of trade in value added. Pará and notably Rio de Janeiro presented the greatest surpluses. For both states, their industry 'Mining and Quarrying' was largely responsible for the value added embodied in Chinese final use. São Paulo was also an important exporter of value added to China, but in the case of this state such value added was generated in several industries, notably those concerning services (47.2%) and manufacturing (45.4%). São Paulo, however, presented a shortage in its trade in value added with China. The largest share (61%) of Chinese value added embodied in São Paulo's final use was generated by manufacturing industries, remarkably the industry 'Electrical and Optical Equipment', which generated US$ 1290 million in value added directly and indirectly due to São Paulo's final use in 2008.
Trade with China and USA
In contrast with the Chinese case, Table 2 indicates that in 2008 USA had a large shortage in its trade in value added. The results obtained for the Brazilian states' trade in value added with USA are summarized in Table 7 below. 'Post and Telecommunications; Other Business Activities'), but the industry 'Mining and Quarrying' was also responsible for a sizable share (9.7%). Despite this surplus, São Paulo was also, by far, the state which final use embodied the greatest amount of USA's value added. Those imports of value added by São Paulo were generated mainly in manufacturing industries (50.1%, with great contribution of the industries 'Electrical and Optical Equipment' and 'Chemicals and Chemical Products') and in services (44.4%, notably by the industry 'Post and Telecommunications; Other Business Activities').
Concluding Remarks
The fact that many of today's products and services are no longer produced within a single country raises many relevant questions. Among them, what are the effects of fragmentation of production on the distribution of income across countries, regions within countries and industries? The present paper aimed to contribute to this discussion, analyzing the generation of value added in the Brazilian states in the context of global value chains. Here, we focused on the value added variable in the spirit of the OECD-WTO 'Made in the World' initiative, which proposes 'trade in value added' as a better approach for the measurement for international trade.
Since international fragmentation of production processes leads to an interdependent structure which has to be accounted for, the input-output methodology is especially suitable. In our analysis, we combined a world input-output table from the WIOD project with an interregional input-output table. From this, in the empirical application, we obtained a model covering the interdependence of 27 Brazilian states and 40 other countries (with the rest of the world as a country) in 2008, with the economic structures arranged in 28 industries.
In our results, we observed that the average country trades approximately twice as much in value added (as a share of country's value added) than Brazil. Therefore, the participation of Brazil in the global value chain is somewhat limited. Another interesting point is that, in 2008, the trade in value added for Brazil as a whole presented a surplus close to zero, being its exports nearly equal to its imports. There is, however, heterogeneity among the Brazilian states: some states (e.g. Amazonas) present large shortages in international trade in value added, while others (e.g. Pará) present positive surpluses. Besides this, in absolute terms, states in Southeast and South dominate the Brazilian international trade in value added.
The Brazilian value chain was, then, further analyzed for the year 2008. We indicated that 16 out of 27 states presented shortages for both regional and international trade, Mato Grosso being the only state with two positive surpluses. A relevant remark is that São Paulo's surplus in regional trade does the job of balancing the transactions among Brazilian states: almost all states (Amazonas as the only exception) are net importers of value added from São Paulo.
Finally, the Brazilian states' trade in value added with China and USA, the top trade partners of the country in 2008, were analyzed displaying the results' detail level that our model can provide. It was verified that in national terms there was a shortage in trade in value added with China and a surplus with USA. However, we noticed many heterogeneities among states, both in terms of trade volume and of industries that account for the generation of value added in the states and in their trade partners.
Many other questions that were raised with the global value chains can be discussed with the model that was developed in the present paper and its underlying database. It allows for addressing issues related to other socio-economic aspects (such as employment by skill type) as well as environmental aspects (such as energy use, various emissions to air, or the use of water). Therefore, future works can greatly benefit from the model to analyze questions concerning the Brazilian states' trade relations in a global value chain.
